This study uses motion tracking technology to provide a new way of addressing the development of the ability to prospectively orient objects with respect to one another. A group of toddlers between 16 and 33 months of age (N = 30) were studied in an object fitting task while they wore reflective markers on their hands to track spatial adjustments in three dimensions. Manual displacements of the handheld object were separated into translations and rotations. Results revealed that younger children largely used a two-step approach in which they initially translate an object to a target and subsequently attempt to rotate the object to match the target. In contrast, older children evidence more advanced spatial planning and integrate translational and rotational components throughout the entire period when they are transporting the object to the target. Additionally, at the oldest ages, children show even further improvements in coordinating translations and rotations by using relatively shorter translations (i.e., covering less distance) and by avoiding unnecessary rotations of the object. More broadly, the results offer insights into how manual problem solving becomes more efficient and planful during the toddler years.
Introduction
Many problem solving and tool use tasks require individuals to relate the orientation of an object to that of another stimulus, such as an object or aperture. For example, placing a flat head screwdriver into a screw depends upon appropriate alignment of the tip of the screwdriver with the indentation of the head of the screw. Plugging in an electronic device calls for orienting a plug relative to the holes of an electrical outlet. The ability to perform these kinds of manual tasks efficiently underlies many forms of adaptive behavior and requires anticipatory adjustments when relating objects to other stimuli.
In the present study, we investigate the development of object fitting and more generally, the problem of aligning objects in relation to one another. In this work, we advance a spatial analysis to understand the development of object fitting. Specifically, we consider the kinds of spatial displacements that must be combined when transporting and aligning an object with an aperture. We describe this process as entailing spatial displacements where translations and rotations of the object need to be coordinated. During translations, the object's center of mass moves from one location to another. In rotations, only the orientation of the object changes (Landau & Spelke, 1988) . Adults integrate translations and rotations effortlessly when fitting objects into apertures, typically aligning the object with the aperture by the time the object first contacts the aperture. In contrast, coordinating translations and rotations of objects presents challenges for young children, who often fail to initially align a handheld object with an aperture when attempting fitting. Indeed, it is typically not until the end of the second year that young children orient a handheld object to match the orientation of an aperture http://dx.doi.org/10.1016/j.cognition.2014.09.004 0010-0277/Ó 2014 Elsevier B.V. All rights reserved.
